Lectins are proteins/glycoproteins that exhibit distinct sugar specificities and interact with cell surface molecules and have therefore being used as potential tools for drug delivery systems. In the present study, we purified different sugar-specific lectins by affinity chromatography. A glucose/mannose-specific lectin (DLL-I) as well as galactose-specific lectin (DLL-II) [from the seeds of Dolichos lablab], lactosespecific lectin (LSL) [from the fresh water mussel Lamellidens corrianus] and wheat germ agglutinin (WGA) [from wheat germ seeds] were affinity purified. Purified DLL-I migrated as a pentamer (α-1, α-2, α-3, α-4 in the range of 12-20 kDa and β subunit), DLL-II migrated as a dimer (α and β, 31 kDa and 29 kDa), LSL migrated as three subunit protein in SDS-PAGE (29 kDa, 28 kDa, and 26 kDa), and WGA migrated as single subunit (18 kDa). Nanoparticles of these lectins were prepared and characterized for the size and shape by transmission electron microscopy, scanning electron microscopy, and atomic force microscopy. The DLL-I, DLL-II, LSL, and WGA nanoparticles sizes are in the range 90 ± 20 nm, 150 ± 20 nm, 145 ± 10 nm, and 75 ± 15 nm, respectively.
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PUBLIC INTEREST STATEMENT
Researchers have developed biocompatible nanoparticles to achieve the effective targeting of specific drugs into various cell types for treatment of several diseases that affect humans. Our research work on lectins, the carbohydratebinding proteins, was initiated with a longterm goal to make available different lectins as effective tools for targeted drug delivery. Preparation of biocompatible and biodegradable nanoparticles is very important in reducing the risks of drug retention inside the body, toxicity and immunogenicity associated with the other chemically modified nanoparticles. Drugs coated onto these nanoparticles can be introduced into body through oral delivery, intravenous, and subcutaneous injections. Using an array of lectins with wide sugar specificities should have potential applications for targeted drug delivery and enables us to have larger applications in treatment of several diseases which often are caused due to changes in glycan components in cells.
Introduction
Lectins are sugar-binding proteins of non-immune origin that bind carbohydrate moieties of the glycoconjugates and have been affinity purified from a variety of sources. The interaction of the lectin with particular carbohydrates can be as specific as the interaction between those of the antigen and antibody or substrate and enzyme (Minko, 2004) . Lectins which are able to bind certain sugars on the cell membrane, can increase bio-adhesion and potentially improve drug delivery via specific interaction and increase the residence time of the dosage form. The surface of the all vertebrate cells contain a carbohydrate coating called glycocalyx composed of glycoproteins, glycolipids, and glycosaminoglycans. In invertebrates, the involvement of these interesting proteins was observed in the processes such as differentiation and development of organism as well as in the elimination of foreign substances by binding to their carbohydrate structures (Medeiros et al., 2010) .
More recent research focused on using a few lectins as nanoparticles in drug delivery emphasizing their importance and applications in biomedicine. Quantum dots, carbon nanotubes, paramagnetic nanoparticles, liposomes, and gold nanoparticles are among the well-studied nanoparticles (Cai, Gao, Hong, & Sun, 2008) . Biocompatibility, in vivo kinetics, tumor-targeting efficacy, acute and chronic toxicity, ability to escape through reticuloendothelial system, and cost-effectiveness are the current barriers in in vivo applications of nanoparticles in preclinical and potentially clinical use (Cai & Chen, 2007 . The focus of recent research with important outcomes in medicine for diagnosis and therapy is to design functional nanoparticles possessing optical and bio-affinity properties (Hillaireau & Couvreur, 2009; Sinha, Kim, Nie, & Shin, 2006 ) and much effort is now being devoted to the preparation of functionalized delivery systems, allowing active targeting while sparing healthy cells (Basu et al., 2009 ).
Among several nanoparticulate systems present currently, lipid-based nanocarriers, such as liposomes, solid-lipid nanoparticles, and nano-structured lipid carriers and biodegradable polymeric nanoparticles are the most widely adopted nanosystems for drug delivery (Agrawal, Sharma, Gupta, & Vyas, 2014) , and poly (lactic-co-glycolic acid) [PLGA] nanoparticles were proved to be useful in drug delivery when considered biocompatibility, biodegradability, and sustained targeted delivery. The overview of hybrid PLGA nanoparticles and their significance is well reviewed (Pandita, Kumar, & Lather, 2015) . The selective accumulation of drugs on the targeted site can be achieved through receptor ligand interactions with carbohydrate-conjugated nanoparticles (Niikura et al., 2009) , and the existence of endogenous lectins on the epithelial cells is exploited for drug targeting using sugars (Kumar Khanna, 2012) . It has been shown in a specific study that the efficiency of lectin-conjugated pac-MNPs was studied in leukemia cell line (K562), enhanced the uptake after conjugating the lectin to nanocarriers through lectin receptors. The use of such specific molecular signatures at the target site helps in delivering the appropriate therapeutic concentrations via receptor-mediated endocytosis, (Singh, Dilnawaz, & Sahoo, 2011) . Mucus glycoproteins which possess oligosaccharide units with L-fucose, D-galactose, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, and sialic acid, are the major structure-forming component of the mucus gel. Hence, muco-adhesive drug delivery system shows promising future in enhancing the bioavailability in drug delivery and capability of adhering to certain GI segments would offer various advantages. The development of nanoparticles containing carbohydrates aimed at targeting certain lectins and the development of nanoparticles with lectins that bind to cell surface carbohydrates are considered to be the promising ways to detect cancer at an early stage and to improve drug delivery (Abu-Dahab, Schäfer, & Lehr, 2001; Smart, 2004; Yamazaki et al., 2000; Zhu, Yan, Guo, & Marchant, 2005) .
Due to their ability to recognize and bind specifically to carbohydrate moieties, lectins are being used in targeted drug delivery. Further, the delivery of lectins in the form of nanoparticles can greatly enhances the specific targeting, taking the advantage of nanoparticles size and surface characteristics. Additionally, the nanoparticles can be administered by oral, nasal, parenteral, and intra-ocular routes. Although many experimental studies on preparation of effective (functional) nanoparticles were carried out, preparation of stable, selective, and biodegradable nanoparticles is still at the bay. The main obstacle to oral administration of drug is the physiological barrier the mucus lining in the body. As lectins can recognize specific sugars present in the mucus lining of the GI tract, they can serve as valuable tools as the nanocarriers of therapeutics. Particles in the GI tract can be absorbed through various sites and mechanisms. Thus, the nanoparticles with a diameter of 1 μm may be phagocytosed by intestinal macrophages, whereas small particles (< 10 μm) may be absorbed through the Peyer's patches in the small intestines and nanoparticles smaller than 200 nm can be transported via endocytosis by enterocytes (Ahmad, Othman, Md Zain, & Chowdhury, 2012; O'Hagan, 1996) . Hence, the present study was undertaken with an objective of preparation of biocompatible lectin nanoparticles that can have the ability to cross the gut mucus layer (Kumar Khanna, 2012) . As our work is focused on lectins we intended to prepare different sugar-specific biodegradable lectin nanoparticles as efficient tools for drug delivery into specific cell types, the present work was initiated. The lectins selected in the study were DLL-I, DLL-II, LSL, and WGA that were first affinity purified in the lab for which nanoparticles were prepared. The present report describes their properties.
Materials methods

Materials
Dolichos lablab seeds (KR-307) were purchased from Wipro seeds (India); L.corrianus whole animal tissue was procured from M/s UV Scientifics, Hyderabad; Wheat germ, DVS, Sephacryl S-200 were from Sigma-Aldrich; Seralose 6B was from SRL, India; carbon-coated grids and uranyl acetate from M/s Icon analytical equipment Pvt LTD, Mumbai. All other chemicals and reagents used in this study were of high purity and procured from standards firms.
Preparation of sugar-specific affinity matrices
Coupling of specific sugars (galactose, lactose, mannose, and N-acetyl glucosamine) to Seralose gel was carried out as described earlier (Latha, Rao, & Nadimpalli, 2006) and the gels were stored in equilibration buffer Tris-buffered saline (TBS) until use.
Extraction of Dolichos lablab-I (DLL-I), Dolichos lablab-II (DLL-II) from Dolichos lablab seeds and affinity purification
About 50 g of the seed powder was homogenized and extracted overnight with 1 L (20 vol) of 25 mM Tris-HCl buffer pH 7.4 (TBS). The suspension was centrifuged at 16260 × g for 20 min at 4°C. The clear supernatant was saturated to 60% with solid ammonium sulfate and stirred for 3 h. The supernatant and pellet were separated by centrifugation and the clear supernatant was subjected to 60-80% saturation with ammonium sulfate, stirred for 2 h, and centrifuged as described above and the pellet obtained was used to purify the DLL-I.
The glucose/mannose-specific lectin (DLL-I) was purified as described earlier (Gnanesh Kumar, Pohlentz, Schulte, Mormann, & Nadimpalli, 2014) . Briefly, the pellet obtained after 60% ammonium sulfate saturation was dialyzed extensively against sodium acetate buffer pH 5.0. The precipitate obtained after dialysis was discarded and clear supernatant was dialyzed against TBS and was applied on Seralose-mannose affinity gel equilibrated with TBS. After extensive washing with column buffer, bound protein was eluted with 0.25 M glucose in TBS. The protein-containing fractions were pooled, concentrated, and applied on Sephacryl S-200 gel filtration column to remove any possible aggregates or contaminating proteins.
The DLL-II was purified as follows. The pellet obtained after 80% saturation was dissolved in TBS and applied onto pre-equilibrated Seralose-galactose matrix. After washing, the bound galactosespecific lectin was eluted with 300 mM galactose in TBS, fractions were collected, purified lectin was analyzed by 10% SDS PAGE and this protein sample was used for nanoparticles preparation.
Extraction of soluble proteins from L.corrianus and affinity purification of the LSL
About 50 g of L.corrianus whole animal tissue was homogenized with 500 mL (10 vol) of TBS and the proteins were extracted overnight at 4°C. The homogenate was centrifuged at 16260 × g for 20 min. The supernatant collected and brought to 80% saturation by adding solid ammonium sulfate. The suspension was clarified by centrifugation and the pellet that was obtained after centrifugation was suspended in TBS and subjected to affinity chromatography on Sepharose-lactose affinity matrix.
Purification of LSL has been carried as described earlier (Radha, 2002) . Briefly, about 20 mL of Seralose-lactose matrix was packed in a glass column and equilibrated with 25 mM TBS. The soluble extract obtained above was applied on to the column and the unbound proteins were removed by washing the gel with same buffer until the A 280 reached ≤ 0.05. Elution of the bound lectin was carried out with 25 mM TBS containing 0.3 M lactose. The eluted fractions that contain protein were pooled, concentrated, and subjected to gel filtration chromatography on Sephadex G-100 gel. About 100 mL of the swollen Sephadex G-100 gel was packed in to a glass column, and equilibrated with TBS. The affinity-eluted lectin was passed and 3-mL fractions were collected. The eluted fractions were pooled, concentrated, and analyzed by 10% SDS-PAGE.
Extraction and purification of WGA
Wheat germ powder was ground to a fine powder in a blender, defatted using acetone, and the powder air-dried. Forty-six grams of the defatted powder was extracted with 460 mL (10 vol) of 50 mM sodium acetate buffer pH 4.5, kept under stirring for overnight at 4°C. The homogenate was centrifuged at 16260 × g for 25 min at 4°C; the clear supernatant obtained was brought to 70% saturation with ammonium sulfate and kept for stirring for 3 h at 4°C. The pellet was collected by centrifugation at 16260 × g for 20 min, dissolved in 50 mM sodium acetate buffer pH 4.5 and dialyzed against the same for overnight. The dialyzed sample was loaded on the Seralose-N-acetyl glucosamine affinity matrix. After washing, the bound lectin was desorbed with 0.5 M N-acetylglucosamine in PBS and 4-mL fractions were collected. The fractions with maximum A 280 were pooled and dialyzed extensively against PBS to remove the free sugar, and was used for nanoparticles preparation and SDS-PAGE.
SDS-PAGE
The purity of each lectin was analyzed by 10 and 12% SDS-PAGE under reducing conditions (Laemmli, 1970) .
Preparation of nanoparticles
The nanoparticles of DLL-I, DLL-II, LSL, and WGA lectins were prepared separately by oil dispersionassisted sonication technique. To each purified lectin sample (5 mg/ml), 15 ml of chilled olive oil was added slowly at 4°C with continuous dispersion by gentle vortexing separately. Then the sample was sonicated with probe sonicator for 30 s for 15 times with a gap of 1 min between each successive step. The resulting mixture was then frozen immediately in liquid nitrogen for 10 min to arrest the dispersed protein nanoparticles in oil matrix and incubated on ice for 4 h. The particles formed (sample) were then centrifuged at 4065 × g for 10 min, the resulting pellet was washed extensively with diethyl ether, dried in 4°C overnight, and the particle pellet was dissolved in PBS. The resulting particles size and shape was characterized by transmission electron microscopy, scanning electron microscopy, atomic force microscopy, and scanning near-field optical microscopy.
Characterization of nanoparticles
The intrinsic properties of lectin nanoparticles such as particle size, monodispersity, and morphology were characterized by TEM, SEM, AFM, and SNOM. The experimental details of the each characterization were described as follows.
The bright-field TEM micrographs were obtained from a Technai G2 STwin, FEI electron microscope, operated at 200 kV. A 10-nm gold film deposited on the grid was used for the purpose of camera length calibration. Prior to the characterization, samples were prepared for imaging by placing a drop of lectin nanoparticle solution on carbon-coated grid and allowed it to dry in closed container. The sample on the grid was washed twice with deionized distilled water to dilute nanoparticles that were bound to the mesh of the TEM grid and then allowed to dry. The grid with sample was then stained with 1% uranyl acetate followed by washing with deionized distilled water (negative staining).
The surface morphology of lectin nanoparticles were recorded by a field emission scanning electron microscope (FE-SEM) Model Ultra55 of Carl Zeiss and AFM Model SPA 400 of Seiko Instruments Inc., Japan with SPI-3800 probe station. Before the measurement, samples were fabricated by coating the lectin nanoparticles solution on a thin glass substrate. The glass substrates were extensively cleaned with deionized distilled water and isopropyl alcohol in sonicator for 5 min each, before coating. Few drops of sample solution were placed over the glass substrate and the substrate was placed over the rotor of the spin coater (Euro, Model). The sample was spin coated at 3,000 rpm for 5 min under ambient atmospheric conditions to produce reasonably thin films. The samples were completely dried before taking to AFM and SEM measurements. For SEM measurements the samples were further subjected to thin Au film deposition by DC sputtering. The gold-coated samples were vacuum dried and then examined.
Further, particle size and shape of the lectin nanoparticles were characterized by near-field optical microscopy. The lectin nanoparticles solution is coated on 150-μm-thick glass substrate as described for AFM sample preparation. SNOM imaging of coated sample was carried out using a commercial near-field microscope equipped with a cantilever style SNOM probe (Model alpha 300, WiTec Instrument Corp.), Nd-YAG laser with power 40 mW and 532 nm was used as source for recording the near-field images. The samples were illuminated in the near field through SNOM tip and the interacted light with the sample was collected in the far field (Mohiddon, Sangani, & Krishna, 2013) . 
Results and discussion
Purification of DLL-I, DLL-II, LSL, and WGA
The affinity-purified DLL-I from lablab beans was resolved into five subunits on 12% SDS-PAGE with molecular masses in the range of 12-20 kDa and the subunits were designated as alpha α-1, α-2, α-3, α-4, and β (Figure 1(a) ) (Gnanesh Kumar et al., 2014) . The affinity-purified galactose-specific lectin was resolved in to two distinct subunits with molecular masses corresponding to 31 kDa (α) and 29 kDa (β) (Figure 1(b) ) (Latha et al., 2006) , consistent with our earlier results. Lactose-specific lectin was purified by employing the combination of affinity and gel filtration chromatographic methods. The purified lactose-specific lectin migrated as three subunit protein bands in 10% SDS-PAGE under reducing conditions with molecular masses of approximately 29 kDa, 28 kDa, and 26 kDa (Figure 1(c) ). The affinitypurified WGA migrated as a single subunit in 10% SDS PAGE under reducing conditions (Figure 1(d) ).
Characterization of lectin nanoparticles
The nanoparticles of each purified lectin were prepared and observed under TEM, SEM, AFM, and SNOM.
Characterization of DLL-I nanoparticles
The bright-field TEM image and SEM micrographs of DLL-I nanoparticles were presented in Figure  2 (a) and (b), respectively. The TEM image has perfect spherical shape with approximate diameter of 90 ± 15 nm. On the other hand, the SEM image shows, slightly irregular spherical shape with approximate diameter of 80 ± 20 nm. Further, the size of the DLL-I nanparticle was extracted in the form of AFM image in Figure 2(c) . The spin-coated lectin nanoparticles are in spherical shape with average diameter of 115 ± 25 nm.
Further, the dimensions of the DLL-I nanoparticles were extracted by drawing a line across the AFM image and studying the profile along the selected line. The selected line on AFM image, its line profile and the extracted information of the line profile were presented in Figure 2(d) . The peak width of the line profile gives the size of the nanoparticle. The details of each peak width were presented in the table form of the same Figure 2(d) . The color on either side of the peak is denoted by the same color in the table. From the dense morphology of AFM images we can draw out the particle size distribution statistics of spin-coated sample. Nearly, 50 nanoparticles were measured as described above and their distribution in the form of histogram was presented in the inset of the AFM image Figure 2 (c). The particle size distribution confirms the nearly monodisperse nature of the synthesized nanoparticles. The difference in the dimensions and the shapes of the DLL-I nanoparticle in both TEM and SEM is expected to be due to the entirely different way of sample preparations carried for their respective measurements and we observed that the stained surface of nanoparticle in TEM measurement has produced perfect spherical shape compared to that of SEM micrographs. The image observed in the TEM is the resultant of electron scattering by the heavier molecules (uranyl acetate) stained on the surface of the lectin nanoparticle. The AFM images are taken at the center of the spin-coated sample substrate, while for the SEM imaging the edge of the substrate (sample coated) has been selected to see the individual nanoparticles. Due to this reason, inspite of following the same sample preparation, the AFM image shows dense morphology compared to that of SEM micrographs.
Characterization of DLL-II nanoparticles
The TEM, SEM, and AFM images of DLL-II nanoparticles were presented in Figure 3 (a), (b), and (c), respectively. The bright-field TEM micrograph in Figure 3 (a) shows stained surface of DLL II nanoparticles, with approximate spherical morphology having an average diameter of 150 ± 20 nm. Highly dispersed and clearly isolated DLL-II nanoparticles were observed throughout the TEM grid, which confirms the homogenious sample preparation of DLL-II lectin nanoparticles. The average nanoparticle size of DLL-II nanoparticle calculated from SEM and AFM images of Figure 3 (b) and (c) are approximately 70 ± 20 nm and 98 ± 15 nm, respectively. The particle size extracted from AFM measurements were presented in Figure 3(d) .
Though both DLL-I and DLL-II are isolated from the same seed material both exhibit distinct sugar specificites and differ in their molecular mass and subunit patters. The apparent differences in the size of the nanoparticles is possibly due to the differences in their molecular masses and subnit patterns. 
Characterization of LSL nanoparticles
The particle size and shape of LSL nanoparticles characterized by TEM, SEM, and AFM were presented in Figure 4 In normal confocal optical microscope, the nanoparticle of the dimension less than 300 nm cannot be resolved, due to the Rayleigh diffraction limit. This limit has been solved by introducing a near-field concept in the SNOM measurement. In the SNOM measurement, the sample is illuminated by a near-filed source, i.e. by a SNOM probe having an aperture of the dimension of 50 nm. SNOM probe works exactly same as contact AFM tip, in which the tip moves on the surface of the sample. Hence, by scanning the surface with near-field probe, one can obtain the surface features followed by the corresponding optical image. By imposing this technique one can resolve much smaller nanoparticles beyond the Rayleigh's diffraction limit. The surface morphology and its SNOM image are presented in Figure 4 (e) and (f) simultaneously. From the surface morphology of the image of Figure  4 (e), the calculated average diameter of the lactose lectin nanoparticle is found to be 350 ± 50 nm. The large discripancy in the size of nanoparticle compared with that of the AFM measurement is due to the huge dimension of SNOM probe (250 nm) compared to AFM tip (10 nm). The true optical image carried by SNOM images of the nanoparticle is presented in Figure 4 (f) and the diameter of the particles is in the range of 146 ± 15 nm.
Characterization of WGA nanoparticles
The morphology of WGA nanoparticles that were characterized by TEM, SEM, and AFM were presented in the Figure 5(a)-(c) , respectively. The shape of WGA nanoparticle shown in TEM image ( Figure 5(a) ) is approximately spherical with particle size of 75 ± 15 nm. The SEM image shown in Figure 5 (b) has particle size of 105 ± 20 nm and that of AFM image shown in Figure 5 (c) has particle size of 82 ± 10 nm. The slight devaiation of the particle in three different techniques is expected to be due to different treatement given to samples. The particle size calculated from AFM image was presented in Figure 5 (d).
Among the lectin nanoparticles characterized in this study, WGA nanoparticles appear to be having smaller size as seen in TEM. The different sizes and shapes of the nanoparticles prepared is possibly due to the different treatments given to the samples. Further it might also depend on the size as well as the glycoprotein nature of the protein.
The role of lectins in various physiological processes and functions is expanding rapidly in recent years. In the vertebrates, different types of lectins are present and are involved in a variety of functions such as cell adhesion and differentiation, control of cell growth. By virtue of their recognition specificities, lectins have been used as reliable biochemical, cytochemical, and histochemical probes in the study of cell surface glycoconjugate differences in malignant and non-malignant cells (Mody, Joshi, & Chaney, 1995) . The nanoparticle size should be so optimized that it should not escape from the kidney filtration. Nanoparticles used in the drug delivery system should be large enough to prevent their speedy outflow into blood capillaries, but they should be small enough to escape capture by fixed macrophages stuck in the reticuloendothelial system, such as liver and spleen (Kumar Khanna, 2012) . Nanoparticles smaller than 10 nm, will be filtered by the kidneys. In addition, they will be captured by the liver if they are larger than 100 nm. Thus, the optimum nanoparticle size for the in vivo applications is 10-100 nm. However, in vivo imaging and diagnostic prefers NPs of larger sizes. A larger particle can be selectively delivered to tumor tissues for therapeutic or diagnostic purpose due to enhanced permeability and retention effect (Alexis, Pridgen, Molnar, & Farokhzad, 2008; Caliceti & Veronese, 2003; Gullotti & Yeo, 2009 ). Similar studies were carried out earlier. Self-assembly of amphiphilic glycoconjugates that contain lactose and N-acetyl glucosamine into nanoparticles that bind lectins was evaluated successfully (Dal Bó et al., 2012) . Preparation of biodegradable nanoparticles is highly desirable to avoid the accumulation of nanoparticles inside the body and the use of biodegradable proteins is tremendously increasing for the preparation of nanoparticles; for example, biodegradable protein silk nanoparticles were used for the delivery of bovine lactoferrin in breast cancer cells (Roy et al., 2016) , encapsulated bovine lactoferrin nanocapsules against Toxoplasma gondii (Anand et al., 2015) .
As far as the toxicity and immunogenicity concerns associated with most of the plant lectins, WGA the most studied plant lectin, however, has been shown to be toxic at micromolar concentrations, but at nanomolar concentrations, it shows less toxicity and anti-tumor effect on the gastrointestinal epithelium (Dalla Pellegrina et al., 2009 ). The cytotoxicity effects of the WGA, is depended on the internalization events which may differ among the cell lines used in the study, for example, in K562 cell lines its toxicity was observed to be minimum (Dalla Pellegrina et al., 2004) . A few evidences are now available on the use of WGA as anti-tumor drug and also as carrier in the oral drug delivery (Dalla Pellegrina et al., 2005) . Recently, involvement of mannose-binding dietary lectins in insulinlike signaling mechanism was reported (Bajaj et al., 2011) . Mannose-binding lectin (FRIL) from the Dolichos lab lab was shown contain the properties of stem cell preservation factor by preserving the primitive progenitors in suspension cultures for the longer periods by preventing the proliferation and differentiation (Colucci, Moore, Feldman, & Chrispeels, 1999) . The galactose-binding lectin (DLL-II) and lactose-specific lectins (LSL) were first reported by this group, and the study of their toxic and immunogenic effects is the future prospective of the research.
In summary this study provided the basis for the preparation and understanding the nature of the different lectin nanoparticles thus paving way to further examine their potential applications as drug delivering systems which is the current and future plan of our work.
Conclusions
Present study describes the preparation of affinity-purified lectins such as DLL-I, DLL-II, LSL, and WGA. The authenticity of the purified lectins was confirmed by SDS-PAGE analysis and nanoparticles for these were separately prepared for the first time. Extensive characterization of these revealed that the nanoparticles prepared by oil dispersion method produced are in the range of 80-150 nm. The size depended on the native/subunit molecular mass of the lectins. Lectins because of their differences in molecular masses as well as the concentration of sugars, might behave differently in the formation of nanoparticles. Indeed we found that there appears to be a correlation with respect to the molecular mass of the lectin and the nanoparticle size obtained, and this varied from lectin to lectin as shown in the study. Future work on these biodegradable nanoparticles should conclusively establish their potential applications for drug delivery into cells through specific lectin receptors on cell surfaces.
